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TotalView 8.9.2-2 currently on Discover

« An interactive tool that lets you debug serial, multi-

threaded and multi-processor programs with support
for Fortran and C/C++

e The base TotalView debugger (TVD) solution now
includes Replay Engine and CUDA debugging support
for no additional fee

* Major features:
« Parallel debugging: MPI, Pthreads, OpenMP, CUDA
« Reverse debugging with ReplayEngine 2.1.0-2

+ Integrated Memory debugging with MemoryScape 3.2.2-2
« Batch debugging with TV Script and the CLI
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What 1s ReplayEngine ?

« Reverse Debugging
« Capture and deterministically replay execution
« Eliminate restart cycle and hard-to-reproduce bugs
« Step back and forward by function, line, or instruction

* Major features

« No recompilation
< Supports both MPI and OpenMP

« Setenv TVD REPLAY TMPDIR to control the directory of
saving the history information
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What 1s MemoryScape?

Runtime Memory Analysis to detect memory bugs
< A memory bug 1s a mistake in heap memory usage
+ Leaking: failure to free memory
+ Dangling references: failure to clear pointers
< Memory corruption

« Use for validation as part of a quality software development

Process ptr —» [l romal allocation
Major features
+ No recompilation ><—’ — ptr —» *
« Supports both MPI and OpenMP  leaked memory dangling pointer
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More Info

* Details on how to configure TV for your runs and use TV
debugging serial, OpenMP, and MPI/OpenMP jobs can also
be found 1n the NCCS Primer:

http://www.nccs.nasa.gov/primer/computing.html#totalview

« Short TotalView video tutorials on interesting topics can be
found at:

http://www.roguewave.com/products/totalview/resources/
videos.aspx
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Starting TotalView

e -g has to be used for debugging. Using —g automatically
adds —O0

 [Load module: module load tool/tview-8.9.2-2
e setenv TVDSVRLAUNCHCMD ssh
 Launch Totalview GUI via Command line

« Normal:

totalview executable name [-a executable args]

« Attach to a running program

totalview executable name —pid PID# [-a executable args]
« Attach to a core file

totalview executable name corefile name [-a executable args]
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Starting TotalView

\| cpan2 on borgc002: /discover/nobackup/cpan2 /tmp/K_src

discover25:./cpan2>xsub -1 -V -1 select=1:ncpus=12,walltime=30:00 —-HW group_list=
k3001

Establishing X forwarding and submitting batch job...

gsub: waiting for job 1790833.borgpbsl to start

qsub: job 1790833.borgpbsl ready

borgc002: ., /cpan2>module purge

borgc002:.,/cpan2>module load comp/intel-12,1,0,.233 tool/tview-8,9.2.2
borgc002:./cpan2>more $PBS_NODEFILE

borgc002

borgc002: . /cpan2>cd /discover/nobackup/cpan2/tmp/K_src/
borgc002: . /K_src>setenv OMP_NUM_THREADS 4
borgc002:./K_src>which totalview
/usr/local/toolworks/totalview.8.9,.2-2/bin/totalview
borgc002: ,/K_src>totalview ./my

my_exec mysweep , inc*

borgc002: . /K_src)>totalview ./my_exec |}
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Root Window

File Edit View Tools Window
| D/| Rank | Host | Status MStatus Info

« State of all processes

1 0 <local> B
; 2 intrepid.ethus.cT .T . StO ed
belng debugged B intrepid.ethus.cT pp
7 intrepid.ethus.cT - :
*  Process and Thread ; ntrepit etnus o T B = Breakpoint

-9 intrepid.ethus.cT .
status - 10 intrepid.ethus.cT *E = Error
. : - 11 intrepid.ethus.cT )
* Instant navigation access 12 intrepid.ethus.cT W = WatChpOInt

« Sort and aggregate by SETEN <local> B4 *R = Running
@ 14 2 <local> B
status @ 15 3 <local> B .M — Mlxed
*H = Held
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Root Window

Hierarchical/ Host name
Linear Toggle
File Edit View \Tools Window Help
S /| Rank \ Host | Status | Description
@ 0 ocal> B mismatchLinux.0 (1 active threads)
E] ingepid.etnus.cT /home/barrykAests/ork_loopLinux (5
El intrepid.etnus.cT /home/barryk/tests/ork_loopLinux.1
Rank # ®- intrepid.etnus.cT fhome/barrykAests/fork_loopLinux.2 ¢
(if MPI program) @ intrepid.etnus.cT /home/barryk/tests/ork_loopLinux.1.
El intrepid.etnus.cT /home/barryk/tests/ork_loopLinux.1.¢
@ intrepid.etnus.cT ‘home/barrykAests/fork_loopLinux.1.”
& intrepid.etnus.cT fhome/barryk/tests/ork_loopLinux.3
~- intrepid.etnus.cT /home/barrykiestsifork_loopLinux.2.”
o iE mismatchLinux.1 (1 active threads)
TotalView e 13, <local> 3 in main
Thread ID # - <local> 3 mismatchLinux.2 (1 active threads)
3 3 mismatchLinux.3 (1 active threads)
Expand - Collapse Process Action Point
Toggle Status ID number
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Process Window

—_:
fork_loopLinus
File Edit View Group Process Thread Actlion Foint  Tools  Window Help

Group (Control)

4> B E B 53 F @

Go Halt  Klll  Hestar Next  Step Out Run To

Toolbar

=E======= Pocess 1 (20908): fork_looplLinux (Stopped) E========
Theaas 1 (20858) (Stogpom) <stop =GE S T T T
Stack Trace Stack Frame
select, FP=hf£EfOB8 Functmn fsnore":
Cir] wait_a_while, FP-bfEE£008 arg: 0x00000000
Tt ?no]:ze. n’-lggggggg Block $b1.#$b2"-( 1)
T4+ aorkec, FP= timeout struct tineva
Stack Trace Pane S fork wropper, et iined | || Mpscas Stack Frame Pane
T4+ | main, FP=bhffffled ne: 0x00000000 (O0)
__libc_start_nain. FP=hffEf218 entry_count (Zeax) . Oxfffffdfe
old_ticket: Oxifffffff (-1)
ticket: 0x000D00004 (4)
pta 0x00004000 {16384 )
G Baciatavra Far tlhhan Franwa. -A
H H Function snore in fork_loop cx+ = =)
Provides detailed e TR
646 bad_addr = -3;
- *
state of one process, |- fan = Lk FGad_sdicy
649 *foo = bac + 1.
or a single thread e ! So
652  for (i) urce Pane
. . €53 {
WIthIn d prOCGSS 654 struct timeval timeoub;
= walt a wvhile (&timeout);
" egE if | )
657 prantf ("Thread %1d woke up in Snoce () \n". (long) {(pthread_self
| 858 if {use_mat)
50 ¢
i i 660 1f (!pleasc_shut_wp)
A single point of L ¢en [
gg% #1f defined( ulphg)f .‘.:&Tl'ldcfangd iT_].an.x) M. T for the look\n
cin "Threa 021K - 1 or e [ ¥
COﬂthl fOl' the 664 e :Lnt(pchread t:(pthread salf ().j; iyl __sequence),
[Xal Py,

process and other

Threads I

related processes

Tabbed Area
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E=E====== Process 1 (10893): fork_loopLinux (&t Breakpoint 1) E=======

Thread 1.1 (1 0893) (Stopped)  JARRRRROIARRRRRRRRCACARRRRRRRROCARRRRRRRRORRARRRRRRD IR

Stack Frame

Stack Trace

C++| walt_a_while, FP=bfffeaad E Function "wait_a _while"
[C++] snore, FP=hfffeael timeout: Oxbfffeadﬂ -> (str
c++] forker, FP=bfffebtd Block "$h2":
[C++] fork wrapper, FP=bfffebds resplt: 0x00000000 (0)
main, FP=bfffecl08
A __libc_sfkart_main, FP=b£ffec48 Regisfers for the frame:
eax: 0x00000000 (0)
ec: 0x00000000 ,(0)
edx: 0x00000000 |(0)
ebx: O0x401d7dd4 |(1075674580

—
M ~rmim . ML |7 TOTOIOTATOO !

Language Name Frame Pointer Local Variables Register Values
» Click to refocus » Click to modify
source pane « Dive for variable window
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Tabbed Area

Action Points“ Processes | Threads | i i B T+I-h
B 2 combined.cxx#255 oprintArrav<int>+0x49... L3

Action Points | [Processes]| Threads | P-| P+| T T+f
. . . . . i

|
Action Points | Processes |[Threads] P-] P+| T-| T+
a b (3084118688) R in _ clone A
1.2 (3084114864) E6 in combine_waves_worker
Lans (3075722160) E6 in combine waves worker
1.4 (3067329456) EB in combine waves_worker
1 L (3058936752) EB in combine waves_worker
£

Action Points Tab Processes Tab Threads Tab:
all currently defined  all current all current threads,
action points processes |ID’s, Status
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Stepping Commands

Group {Control) _’,l D .' . ' "Dj g Q

Go Halt Kill Restart Step Out | Run To

Function suhl In stef.c ol e’

iat subZ(int); H
int sub3(int):

10t xain ()

{
int . K, i o= 0;

:

o= =ubl{i); o= wdb3 ()

Based on Out ) printf ("The value of k 1s zd\r", K] ;

int subl(int =)
{
= - oukl08),
retura (X++);
]

PC location

Next

BE'-S REHE{S_RHSBG 53 E“-" =D Bttslotoq-qmm Wa LD

PC: Program
Counter

{mt b2 int ¥) Step Run To

yo¥- 10, el ——

[ :ob'l:l.m (10}, -‘
¥

~p

at sub3(int =) !

return (z*z);

Z

[P
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Action Points

Flle  Edit  ¥iew Group Frocess  Thread  Action Fomt  Tools  Wincoy

551 €180V DT

Thread 1.1 'l b l' . . Se1 Barrier
Delete Resd = ocation.. B
SSESSsssssssss Process 1 (100S0): fork |- —
Thread 1.1 (10893) (Sto)  =r=0t¢
Tra n Dizable .
ocesrommg (11 Dl Breakpoints
EPebIfLIChES Froperiies

T) tork_vcapper, EPebILIchS
PESE PPabfffeclS < Suppress Al ClrlsShitaD

_libc_stact_maan, EP-bfEfecdd Dalata A1

Load All..
— - -
 savsan Barrier Points
1 Gave As.

Function fork_wrapper in fork_loop cex
lgg£ \rh‘.\id Fork_wroppsc [int Eork_countd

" pthresd_t wy_ptid = pthcesd_self();
pthread_t nev_tid:

ihreaaeEs F ik, Conditional Breakpoints

5
u\t 1rru.§ fork count
thresd ptids[0] = my_ptid:

iT [Ifock_late)
fockac [fork_couat): St XNewar cetucas. v/

Lacal_fork_comt = fock_cemnt » 0 7 fork_comt . L, Evaluation Points

printf ("Pid %¥d: Spimning off a ==cond thresd to fockn". (int) (getg

printf (‘root_ptad = ld, pid=¥d\n". (loag) (»y_ptidd. [(int){getpid(d
e cid - 0;

1049 #if | defined (_ Lyeo)

1050 ¥1.hrcad attx it (Eatte),

TAFY e

Watchpoints

Dlvo :pcl w22t 3 b
p. cox2S5)  wadt s \d’nleoDx'Jl
Enonio -rp oS58 weak s whilesDxf?
Disable |” {Libec. 30 6 volosdsd)

Delete
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1032

4nr-

{

Setting Breakpoints

Function’ . Setting action points

1031 wvoid fork wrapper (in

pthread_t my_ptid =
pthread_t new_tid;
pthread_attr_t attr
int whoops;

int local_fork_coun
thread ptids[0] = m

if (!fork_late)
forker (fork_coun

local_fork_count =
printf ("Pid %d: Sp

printf ("root_ptid
new_tid = 0;

1049 #if !defined (_ Lyrwus)
1050

pthread_attr_init (
£

A - -

577

o I
o I

Action Points] Prgcesses] Thre

« Single-click line number
Deleting action points

« Single-click action point line
Disabling action points

« Single-click in Action Points Tab Pane
Optional contextual menu access for all functions
Action Points Tab

« Lists all action points

« Dive on an action point to focus it in source
pane

Action point properties

+ In Context menu
Saving all action points

 Action Point > Save Al

Dive b5 55
pxoc 1028

Enahle o104 ]

Disable b1 336

Delete

Properties... [r—

NASA Center for Climate Simulation
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Conditional Breakpoint / Evalpoint

Action Point - Properties

« /home/ehinkel/Source/combined —m |,
Eva|p0|nts a”OW you to add File Edit View Group Process Thread Action Point Debug Tools Window Help
: , L P AN |9 3 B B8

a COde frag ment N Fortran Smiontol l a I!gt g Re'!tarl Mext Swtep Qut Run To| Prev UnSjtep Caller BackTo

Process 2 (14218): combined (Stopped) 3%
Thraad 1 [14218) [Stopped) <Trace Trap: T
Stack Traos ’ Stack Frams

PP=bfedd70B [5|| Function "arrays": A
heters. -

or C/C++.

arrays,
|+ Action Point Properties

v Brezkpoint , Barrier @ Evaluate 1D: 11 {struct Shape]

If the code fragment can
. . {struct Circle)
make a decision whether to Evprocsion b2 (struct Cylinder

{struct Cylinder
0x0804£120 —> (=

stop execution, it is called a i (my_ptd == $uid) { $stop; )1 T
conditional breakpoint. 1

] l|\n”;
Evalpoints can be used to L )
test a fix, set values of T

. . . 7 S AT A « Assamblar L (DR A o £
variables, or visualize data EHET o B T
. Lacation: fhomesshinkalSourcefcombined.cxx#505  Addresses.. :
automatically. e et X
W Plant In share graup ) J
24

‘ QK | Delete Cancel Help
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Evalpoints Test Fixes on the Fly

i G
Flle Edit Yiew Grou p
l ~ Breakpoint - Barrier 4> Evaluale 1D 1 ]
Group (Conirol) Q . Expression. e
e | f0r-0;ixtast_len;iv)
silly s1a.ts('k1est||] &nin, e 2],
. 101 += lest[
Test small source code patches Tl ot renge % - %1 sum S,
: 1ibe atart maiy Itestfl,min, max, tot),
» Call functions AT :
qoto 17;
» Setvariables |
» Test conditions E e
° C/C++ or Fortran Locstion: bed.cel 2 Addresses. | 1L
’ incLude i I” Enatle actlan point ol Yes, {
» Can’t use C++ constructors 1 #inclnde cotdio fi - - a
3 woad =si1lly =tab: = P!al‘ﬂ in shama group
1 4 if ¥ |
» Use program variables 3 i (o
i ok || oeete | cance Halp |
’ di iabl Il g -
. Can t mo I Varla es or Ca 9 aat nain(int am
functions with replay engine 0 Gt eetdantns o LRI LA
ant L, test _len~
piay eng 1 float nan-100.0, nex=0. 0, tat=0.0;
for (1e0 hcateat lenm;iee)|
13/ 2illy_atata(stest[i]. st endn) .
Itew 0:50,0C0030 range 99, 000300 - 99,000000 sun U3,005093 14 tote=test[i];
ttaw 1342000050 range d2.000000 - 33.008%83 sun 141100008 15 prantf{'iten 2d E %E E LN, 2, best|a),nin, nes, toth;
ibex 2158.29898 ronee 42,000000 - 33,068383 =n 199,90008 16 )
Itow 3338,000000 range 39,000000 - 93,059383 un Z38,400008 17 printf(*R %4 nin 85 xar sfintatal %f nean =F\nt. teat len, win, wos, tat, t
ttaw 417765000 ronce 39000000 - 83,030303 sun 316.100006 12 yatorn 0;
ttaw 5:70.0C0000 range 33.000000 - 33008333 sun 3. 100006 13
thew 6150 5930 ranse 39,000000 - 53, 008593 s 455, 200012 e
|tex ?:‘E&.E_‘f.ﬂtiw rame 39000000 - 99 059992 sun H44, Aonll ﬂ
ttaw 93150000000 ronze 39,000000 - 93,0089 sun B2, 0002
ttaw G130 00050 rance 39000000 - 33.0°8383 nn 633.700012 = o

K L0 win 35000000 wa: 59,09598

iu!a] B33, 20012 wean 6‘3.3.‘01!1
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@ Watchpoints

< ilmetw“lwmw“:qﬂ.hm - MAIN__ - | ij

Watchpoints are set on a fixed memory region

File Edil View Tools Window Help
HE ] Jo |« |r] : : :
Bﬂ,,,s,.onﬁomp_m.,_l_ o TN Use Tools > Watchpoint from a Variable Window

Slice: | () Filter. or

Type: | complesx(1 00) Mo |

otktnes | L From source pane with contextual menu

(7 2.072572700129088
(&) 0
S — ELTEI27001 2800 . When the contents of watched memory
10) ||| pafs/metapp/u@/hone/barryks tests/arraysl iows — MAIN__ - | | T
::; Flle Edt View Tools Window Help change, the watchpoint is triggered and
NP | JER— : 1 A ) TotalView stops the program.
a4 Expression:| comp_array_1__(9)  Aderess | Gebfffddd0

(15) Tupe: | complex
15

4 (16)  Uncondifional| « Condiional 10 znew>
“. 7 _I|z.u7257270812388 — -

¥hen Hit, Stop

A Watchpoint tracks a memory location
-- it does not trace a variable!

“ Group
+ Process
+ Thiead Watchpoints can be conditional or

unconditional

TV variables $newval and $oldval
can be used in the conditional

Address. | (pifgg40  Length In gytes:l 6

7 Enzble waichpoint
[T Plart In share group

I OK | Oalale |

FUUIBIAEN

cancel | rep |

expression

Uses Hardware Watchpoints with
various limitations based on
architecture
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Items you dive on:

Process or thread

Variable

Expression List Variable

Routine in the Stack Trace Pane

Array element, structure ele-
ment, or referenced memory area

Pointer

Information Displayed:

When you dive on a thread in the Root Window, TotalView
finds or opens a Process Window for that process. If it
doesn’t find a matching window, TotalView replaces the con-
tents of an existing window and shows you the selected pro-
cess.

The variable displays in a Variable Window.

Same as diving on a variable in the Source Pane: the variable
displays in a Variable Window.

The stack frame and source code for the routine appear in a
Process Window.

The contents of the element or memory area replace the
contents that were in the Variable Window. This is known as a
nested dive.

TotalView dereferences the pointer and shows the result in a
separate Variable Window. Given the nature of pointers, you
may need to cast the result into the logical data type.

NASA Center for Climate Simulation
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Diving on Variables - Fortran Common Blocks

-
INTO_AFRAY.  (integer*8(100))
INT2 ARRAY (integer+2(100))
MASTER_AMMAY . (integer (100)) .
LOCAL_VAR: O (o.ﬁmum winaow 7
COMP16_ARRAY 2: (complex*15(10
COMP_ARRAY_1. (complex+8(100))
Dive Common blocks
ieee: ({Cornon)
Reg|[5 iwew - arr -1.1 |0
Fle Edt View Tools Window Help
11 -/ More| Less|| [~ — [~ |1
| woo Addass Ox140821420 R
Type. ['wu window 2
Variables o Value
Dive . T!P | I
Dive r denoms integer(1000) (integer(1000))
lpee_array lnlnguv(ﬁ) (ﬂ'ﬂgﬂ?(’l);l |
)| ives - ieee - 1.1 110
File Edt View Tools Window Help
1y ¥ More Less|||@ @ 1
L demomms Acdess 0140021408
Slee: () Firer:
Type: | integer(1000)
Vanables | Value
o 0 (000000000
(@) 0 (0>00000000) I
@)
window 3 “;f‘ Fle Edt View Tools Window Heip
o 4 Mose| Less [ 1 |« 1|1
(-,; ieeo_array Addross: 0x1408214a0
(B; Slice | () Filter.
@) Tupe | intager(6)
an Varlablas | Value I}
7(:1)* () 0 ({0x00000000)
2 0 (0x00000000)
(&) 0 (0x00000000)
) 0 (0x00000000)
s 0 (0x00000000)
window 4 (%) 0 (0x00000000)

NASA Center for Climate Simulation
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Fortran 90 Modules

Tools =»
Modules

=1 J 1)
| | = Fortran Nodules BE
Fie Edit View Grou ) ) . )
= o = = Fie Edit Yiew Window Help
Group (Contral) | ——
Fortran - IModules from process "1 "modules

Stack T

testnod,
maln,
__libc_start_mair

(==

il R W IES I a0 g I ST RN S

L

g

module datanod

DATANOD

Fila  Ecit

View Tools

Window

Help |

i

—l

=

Expression: | DATAMOD

Address:  None

Type: |

Variahles |

Type

| Value

al
-
L Y2

integer vl
integer vl

real*8, dimension(4)
end module datamod

progran teatmod
use datamod

vl
v2

do i

NASA Center for Climate Simulation
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The Variable Window

File Edit View Tools Window Help
1.1 = More | Less || [~ |~ | =~ | ™|
Expression: b Address: 0x080438a0

Slice: [] Filter:

Type: | double[100]

Fiell ConnMar: tconnMar - staticlinux - 1.1
0] File Edit View Tools Window Help |
1] i -~ HiE B | KL M
(€] Expression: | ConnMgr:connMgr  Address: 0x08043778
(3] Type: | int
[;] Value s
2 000000002 (2)
(6]
Editing Variables
Window contents are updated * Click once on the value
automatically » Cursor switches into edit more
Changed values are highlighted » Esc key cancels editing

» Enter key commits a change
« Editing values changes the memory of the

program
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Groups of Variables -- Expression List Window

d1_array[1].d1_v

File Edit View Window Help

11 /%
Expression Value o

i 0x00000003 (3)

dl_array (class d1[3])

0x00000001 (1)

d1_array[i-1].d1_v

000000004 (4)

. am. TN YR N . >
~uhed ‘\-‘.r . ‘ - .,\. I\_.. N e &.tku/ 1

Add to the expression list using contextual menu with right-click on a variable,
or by typing an expression directly in the window

. Reorder, delete, add .
. Sort the expressions .
. Edit expressions in place .
. Dive to get more info .

Updated automatically
Expression-based
Simple values/expressions

View just the values you want to monitor

NASA Center for Climate Simulation 26




Slicing and Filtering Arrays

[= tese_aray - AfsinetappOfusers/hons/barrid/test s o rayafilpha ~ 3.] J J
File Edit View Tools Window Help
i i EE Fe (KR
Exprassion | ieae_aray Address: | 051403214 . . . .
Sice| () Fit ) Slice notion is ([start:end:stride],
TYPE. | 3real_4(E) .
Fiel Vs ] [start:end:stride],..)
(1 INF
) ~INF
— lems_arrey - /nfs/ietesWuser/hone/bardk bests/ arrausalphe - 3 - | |
File Edit View Tools Window Help |
1 FAETIETEY.
Expression: | ieee_srray Address: 041405214 B
Slica: | i) Fillgr™ 50 fdanorm File Edit View Tools Mndow Help
| Type: | 3rmal_4(6) g [l =gl =1 |
Fleld |Valus T Expression: irn2_aray_ Addreas: oo
&) 1.4013e-45 <danormalized» alics: ) F_lter:dvalu; > % and §valg < 100 3
5 -140138-45 <denormalizad> Type: | woret 00) Pora]
ieen_array = Arfadretappds/ s howecbarryk tastalarragenloha - Fleld | Yale IH
File Edit “iew Tools  ‘Window 'é: g} ;:- zﬁg: g
[5.1 | =l [ PE S 26 (10015
Explession; lss2_anay Addrass. | (140821420 (9 Z8 (0x001c)
Slica. () Filter. (2 30 (0=0016)
Type: | greal_asy (21) 32 (0020)
d Fiald | value (32] 34 (10022)
. B 5 e
i@ -INF e
25, 4
() MNaNd ) (028 .
) MNaNS
(5) 1.4013e-45 vdenormalizeds
(E) -1.40132-45 <denanalized=

NASA Center for Climate Simulation
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*Visualize array data using Tools = Visualize from the
Variable Window

*Large arrays can be sliced down to a reasonable size first
*Visualize 1s a standalone program

*Data can be piped out to other visualization tools

*Visualize allows to spin,

zoom, etc.

*Data 1s not updated with
Vanable Window: You must

revisualize

*$visualize() 1s a directive 1n
the expression system, and
can be used 1n evaluation

point expressions.

NASA Center for Climate Simulation
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Variables Across Processes

-~

TotalView allows you to look at

Edit View Tools Window ﬂl
" . 11 7 More | Less|[[~ | ~ | ™~ | |
the value of a variable in all MPI Ep,m,m[-fw T
slice: Filter.
processes Type[ it
. . . P Val
+  Right Click on the variable e ——

mismatchAlphai 000000000 (0)

+ Select the View > View Across mismatchAlphaz  0x0000000c (12)
. mismatchAlpha 3 0000000c (12)

TotalView creates an array

indexed by process

You can filter and visualize

Use for viewing distributed arrays

as well.
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Basic Process Control

hGroup (Control) ‘;j_@ 'i »

Group (Control)

Group (Share)
Group (Workers)
[Group (Ladkstep)

Frocess 1
Frocess (Workers)
Frocess (Lockstep)

Thread 1.1

9 3§ & ‘
Go Halt Delete Restart | Next Step Out | Run To
Groups

«Control Group
—All the processes created or attached together

Share Group

—All the processes that share the same image
*Workers Group

--All the worker threads within a control group.
These threads can be in >=1 share groups

*Lockstep Group
—All threads at the same PC

Call Graph Group

—All processes going through the same node in
the call graph

*User Defined Group
—Process group defined in Custom Groups dialog

NASA Center for Climate Simulation
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Agenda

Overview

Basic Navigation and Control

Demo 1: Basic Navigation and Control
« Using an OpenMP Space weather application

Debugging MPI Applications

Demo 2: MPI Debugging:
+ Using GEOS5-AGCM
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Tools = Call Graphs

« Quick view of
program state

» Each call stack is a path
* Functions are nodes

* Numbers indicate which
threads have a function
on their call stack

« Construct process
groups

« Look for outliers

Dive on a node in the call graph to create a Call Graph group.

Group {Coniral) =’|

I” Auto-Arrange

(1.3,2.3,33,4.3)

random_12

(2.3,3.3,43)

| ] | |
a[ random

random_T5 | | random_z4 |

[random_11 |'

Ehd 'ﬁf{ 3,43), 4.1]

T42A,49), 4.1)

i ' ’
random_24

upoate | save as.. |

Closa |

Heip |
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@ Tools = Message Queue Graph

« Hangs &
Deadlocks

« Pending
Messages

* Receives

* Sends
* Unexpected

« Inspect
* |ndividual
entries
« Patterns
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Tips for debugging MPI jobs

* ReduceN
« Problem: Each process added requires overhead

- Strategy: Reduce the number of processes TotalView is attached to
- Simply reducing N is best, however data or algorithm may require large N
« Technique: subset attach mechanism

* Focus Effort

« Problem: Some debugger operations are much more intensive than others,
and when multiplied by N this could be significant

- Strategy: Reduce the interaction between the debugger and the processes

« Technique: Use TotalView's process control features to
« Avoid single stepping - Usually causing Totalview hanging

- Focus on one or a small set of processes

NASA Center for Climate Simulation 35



TotalView does not need to
be attached to the entire job

You can be attached to different
subsets at different times through
the run

You can attach to a subset, run till
you see trouble and then 'fan out'
to look at more processes if
necessary.

This greatly reduces overhead

It also requires a smaller license if
you have a TotalView Team
license.

Processes Lo Attach To: (Z showing, 2 filterad, 4 total)

Communicaior

attached Rank ~ Rank Hosl

Z raffie stnus.com  fmrssasfudfhomest
a ralfie etnus.com  /nfsifsiudlhomest

=
all None I
— Filters

Communicator: 41l I
Talting to Rant:l 4l I

> Ve % 3 1 e R TR O
Mertade Tyrs. W oIand W Rpogive W Unehsedied

T Anay of Ranks: faddle

RO oraer, v
o o T O HE G

| QK | Cancel| Help I
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Setting breakpoint behavior

Synchronizing processes

« Barrier and the process hold/release feature work together
to control the executions

Determining which processes/threads are executing
Viewing variables across processes/threads
Restarting from within Totalview
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Coming Up -- TotalView Part 2

* Replay Engine

« Record and deterministic replay

« Use breakpoints, watchpoints, and some conditional

breakpoints when running in replay mode

 Memory Debugging

« Why are memory bugs hard to detect?

«+ How do your program’s data reside in memory?

« Heap graphic view

+ Leak and dangling pointer detection

« Memory corruption report

« Memory usage statistics
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